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1.  BASIS 


A  biaxial  fatigua  taat  facility  la  needed  at  AH* 

toj 

(1)  algniflcantly  laprove  the  prediction  of  fatigue 
and  fracture  in  aircraft  atructurca;  and 

(11)  provide  a  reaearch  tool  that  vUl  enhance  AKL*a 

ability  to  give  expert  Inforaatlon  to  the  Servlcee. 

Fatigue  and  fracture  prediction  at  ABL*  although 
atate-of-the-art»  generally  doea  not  account  for  ■ultiaxiality. 
Therefore,  aupportlvc  arguawnta  cannot  cite  caaea  where  ■ulti-' 
axial  fatigue  data  have  inproved  prediction  aubatantially.  The 
Sectlona  below  follow  an  alternative  atrategy  and  atteapt  to  ahow 
that: 

•  fatigue-prone  areaa  In  aircraft  arc  aubjcct  to 
aubatantlal  levcla  of  oultlaxlal  atreaa; 

-  current  aethoda  of  fatigue  prediction.  «dilch 
generally  Ignore  aultlaxiality.  are  often  quite 
Inaccurate; 

-  aultlaxlal  effecta  on  fatigue  are  large,  aoaetlaea 
of  the  order  of  current  prediction  accuracy; 

-  aultlaxiality  cannot,  at  thia  atage.  be  accounted 
for  properly  by  calculation. 


2.  KECIOWS  OF  MULTIDIRECTIONAL  STRESS  IN  AIRCRAFT 

Structural  fatigue  in  aetal  aircraft  baa  a  hlatory 
of  being  aaaoclated  with  wing  apara  and  aklna  (often  at  or  near 
fuaelage  jointa).  fuaelage  fraaea.  and  fin  conponenta.  Theae 
atructural  rcglona  are  frequently  at'.bjcct  to  aultldirectional 
loedlng  during  flight.  - r -  - . . . 

The  local  area  of  fatigue  failure  In  theae  atructural 
rcglona  la.  aoat  often,  aaaoclated  with  a  atreaa  ralaer  auch  aa  a 
bolt  bole  or  a  change  of  aectlon.  Such  atreaa  ralaera  produce  their 
own  aultlaxlal  atreaa  field  even  under  unidirectional  loading.  (For 
exaaple.  In  the  practical  caac  of  a  remotely  loaded  thick  plate 
containing  a  bole  filled  with  the  aame  material,  the  through~thlckneaa 
atreaa  In  the  fatlgue-crltlcal  region  la  about  30Z  of  that  In  the 
loading  direction,  and  the  In-plane  orthogonal  atreaa  la  about  15Z 
(but  oppoaite  in  aign)  of  that  in  the  loading  direction). 

The  Mirage  aircraft,  atlll  under  examination  by  ARL. 
provldca  typical  exa^lea  of  fatigue-prone  areaa  aubject  to  multlaxlal 
atreaalng.  For  example: 
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the  Min  £ipar  of  the  wing  is  subject  to  both  bending 
and  torsion, 

the  wing  pick-up  attachment  of  frame  26  is  subject 
to  bending  and  torsion  loads  from  the  wing,  fuselage 
bending  loads,  and  engine  loads  through  frame  27, 

the  stressed  skin  in  the  lower  wing  drain  hole  region 
is  subject  to  both  wing  bending  and  torsion  and  local 
buckling, 

-  frame  20  of  the  fuselage  is  subject  to  fuselage 
bending  plus  the  direct  loads  from  the  carriage  of 
stores , 

-  the  fin  main-spar  pick-up  attachment  has  a  complicated 
geometry  in  relation  to  fin  bending  such  that  multi¬ 
directional  stresses  occur. 

Other  prominent  aircraft  components  with  substantial 
levels  of  multiaxial  stress  are  undercarriages,  helicopter  rotor 
head  components,  and  gas  turbine  engine  discs. 


3.  CURRENT  F.-TIGUE  ASSESSMENT  METHODS  AND  ACCURACIES 

Fatigue  analysis  usually  consists  of  determining  the 
stress  in  a  given  direction,  or  the  maximum  principal  stress  under 
the  combined  loading,  and  utilizing  this  with  unidlrectlonally- 
obtained  fatigue  data  (life,  crack  growth  rate,  cyclic  hardening 
exponent,  etc.). 


F>r  aircraft  structures  the  assessment  of  total  life 
(or  crack  inl;iation  life)  is  related  to  the  ’safe  life*  method  of 
operation  and  predictions  are  made  using  procedures  falling  between 
two  extremes.  One  extreme  uses  Miner's  cumulative  damage  rule 
combined  with  S/N  data  for  the  material  of  Interest.  With  this 
procedure  the  life  can.iot  be  predicted  with  confidence  to  better 
than  a  factor  of  about  10  on  actual  life.  One  of  the  contributing 
factors  is  an  inadequate  accounting  of  multlaxlallty .  The  other 
extreme  is  to  carry  out  a  full-scale  test  under  an  appropriate 
flight -by-flight  sequence  of  loads.  This  procedure  is  usually 
believed  to  be  quite  accurate  but  simulating  flight  stress 
distributions  in  a  test  rig  can  sometimes  pose  problems.  For 
example,  the  $IM  ARL  Mirage  wxng  test  made  in  the  mid-1970'8 
indicated  much  lower  crack  growth  rates  in  the  main  spar  bolt  holes 
than  was  subsequently  found  In  service.  This  may  have  arisen  because 
of  atypical  reaction  loads. 

Assessments  of  crack  propagation  life  are  related  to 
the  'damage  tolerance'  method  of  operation  and,  again,  predictions 
can  be  made  with  a  wide  variety  of  information.  The  least  certain 
scheme  is  to  use  generalised  handbook  crack  growth  rate  data 


(da/dM  -  &K)  in  conjunction  vith  a  crack  growth  aodal  and  (of tan) 
a  load  interaction  nodal.  Depending  on  the  quality  of  tiia 
infornation  crack  growth  life  cannot  be  predicted  with  confidence 
to  better  than  a  factor  of  S  to  10  on  actual  life.  .  Another  nethod 
ia  to  aeaaure  crack  growth  (uaually  fractographically)  on  full- 
acale  teat  apecimena,  and  aa  one  teat  only  ia  uaually  aade. 
variability  in  crack  growth  rate  remaina  a  aignificant  problen. 


4.  LITERATURE  REVIEW  OF  MULTIAXIAL  FATIGUE  AND  FRACTURE 

4 . 1  General 

The  nain  queation  ariaing  from  the  dlaoMion  above 
ia  whether  accounting  for  nultiaxial  atreaaing  would  improve  fatigue 
prediction.  Although  a  direct  afffmative  anawer  cennot  be  given 
the  queation  haa  been  conaidered  indirectly  by  reviewing  the 
literature  on  nultiaxial  fatigue*  Ref.  1.  The  nain  concluaiona 
of  that  review  are  now  given  and  it  d*  clear  that  nultiaxial  effects 
are  aonetinea  very  large  (of  the  order  of  prediction  accuracy)  *  and 
that  more  reaearch  ia  needed  to  reaolve  conflicta  and  expand 
knowledge . 

4.2  Concluaiona 

(1)  The  ultimate  tenaile  atrength  of  ateel  increaaea  by  up  to  18Z 
and  the  fatigue  limit  decreaaea  by  up  to  48Z  aa  the  streaa 
atate  changea  fron  uniaxial  to  biaxial  to  triaxial. 

(2)  The  reaiatance  of  a  metal  to  cyclic  deformation  is  dependent 
on  the  biaxial  atreaa  ratio  aa  well  aa  the  type  of  metal. 
Increaaing  the  biaxial  atreaa  ratio  fron  >1  (shear  loading) 

to  41  (equibiaxial  loading)  increases  the  resistance  to  cyclic 
deformation. 

(3)  The  fatigue  life  of  metals  ia  dependent  on  the  biaxial  strain 
ratio.  Increasing  this  ratio  from  -1  to  41  can  decrease 
fatigue  lives  in  the  high  and  low-atrain  reglnea  by  factors 

- of  up  to  10  and  20  respectively . _ 

(4)  Although  there  ia  some  confusion  in  the  literature  concerning 
the  effects  of  biaxial  atresscs  on  fatigue  crack  growth  rates 
changeover  tests  have  shown  conclusively  the  following: 

(a)  A  sudden  change  in  the  stress  atate  from  uniaxial  to 
equibiaxial  at  the  same  nominal  stress  applied  noxnal 
to  the  crack  decreases  the  fatigue  crack  growth  rate 
by  a  factor  of  2.  By  comparison*  the  growth  rate  is 
increased  by  a  factor  of  4  when  the  atreaa  state  is 
suddenly  changed,  fron  equibiaxial  to  uniaxial.  A 
similar  trend  is  observed  on  stiffened  panels  with 
the  stiffeners  either  cracked  or  intact. 
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(b)  A  audden  change  in  atrcsa  atate  from  uniaxial  tension 
to  pure  ahear*  by  applying  a  cyclic  compressive  stress 
parallel  to  the  crack,  increases  the  fatigue  crack 
growth  rate  by  a  factor  of  3. 

(5)  Experiaents  have  shown  that  the  crack  opening  displacement  and 
the  degree  of  crack  closure  decrease  with  increasing  biaxial 
stress  ratio  %ihen  cycling  about  zero  mean  stress.  Both 
properties  sre  independent  of  biaxial  ratio  when  the  load 
range  is  from  zero  to  a  positive  load. 

(6)  Fatigue  properties  are  affected  by  out-of-phase  biaxial  stresses 
and  the  associated  rotation  of  the  principal  stresses,  as 
follows. 

(a)  Fatigue  strength  is  decreased  as  the  phase  angle  between 
the  normal  stresses  is  increased  at  any  given  biaxial 
ratio. 

(b)  Yielding  is  initiated  at  a  lower  stress  for  in-phase 
compared  with  out-of-phase  loading. 

(c)  The  cyclic  stress/strain  response  of  a  material  is 
affected  by  the  phase  angle  -  hysteresis  loops  change 
shape  and  rotation  of  the  principal  stresses  produces 
additional  cyclic  hardening. 

(d)  LCF  life  is  reduced  by  up  to  a  factor  of  4  with  out-of¬ 
phase  cycling  -  a  phase  angle  of  90*  giving  the  lowest 
life. 

(c)  Both  the  Tresca  and  octahedral  shear  strain  criteria, 
commonly  used  for  design  purposes,  are  non-conservative 
under  out-of -phase  conditions. 

(7)  The  critical  fracture  load  (and  critical  stress  intensity  for 
fracture)  is  dependent  on  both  the  biaxial  stress  ratio  and 
Poisson's  ratio.  Fracture  loads  increase  with  Increasing 
biaxial  ratio  for  Poisson's  ratios  less  than  1/3  and  the 
reverse  occurs  when  Poisson's  ratios  sre  greater  than  1/3. 

(8)  The  critical  stress  intensity  factors  for  stiffened  panels, 

and  cylindrical  and  spherical  shells  containing  cracks.  Increase 
with  increasing  biaxial  stress  ratio. 

(9)  The  stress  intensity  correction  fsetors  used  to  predict  the 
fatigue  lives  of  notched  components  are  dependent  on  the  biaxial 
stress  ratio.  A  biaxial  ratio  of  -1  increases  the  correction 
factors  whereas  a  ratio  of  -fl  decreases  the  correction  factors 
compared  with  uniaxial  tension. 

(10)  The  effects  of  a  notch  on  fatigue  crack  growth  rates  are 
greater  for  biaxial  ratios  of  -1  and  -fl  compared  with  a  ratio 
of  zero. 
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(11)  The  stress  state  affects  the  deformation  mechanisms  and  the 
deformed  microstructure  of  metals  during  cyclic  loading. 

The  resistance  to  dislocation  movement  and  the  formation  of 
a  recovered  dislocation  sub-structurr  are  Increased,  and  the 
degree  of  stress  relaxation  Is  reduced,  as  the  stress  state 
changes  from  uniaxial  to  biaxial  to  triaxlal. 

(12)  The  orientation  of  the  crack  path  and  the  failure  mode  are 
dependent  on  the  degree  of  multlaxlallty . 


5.  MULTIAXIAL  FATIGUE  AND  FIBRE  COMPOSITE  MATERIALS 

The  conclusions  above  relate  to  metals  but  it  Is 
apparent  from  a  review  of  the  effects  of  multiaxial  stressing  on 
fibre  composite  materials  that  similar  conclusions  will  apply.  For 
example,  Figure!^  I  and  2  show  the  effect  of  applying  combined  axial 
and  torsion  loads  on  the  fatigue  life  of  graphlte/epoxy  tubes.  Ref. 

2.  The  tubes  had  carbon  fibre  layup  directions  of  ±45*  and  contained 
a  small  hole. 

Fig.  1  Inaicates  that  when  the  torsion  stress  is 
equal  to  the  axial  tension  stress  the  fatigue  life  is  reduced  by  a 
factor  of  about  100  compared  with  tension  alone,  and  when  the  torsion 
stress  is  double  the  tension,  the  life  reduction  is  about  10^. 

In  order  to  compare  the  results  on  a  more  scientific 
basis  the  octahedral  shear  stresses  were  calculated  for  each  of  the 
conditions  and  Fig.  2  shows  the  transformed  data.  On  this  basis  the 
multiaxial  effects  are  reversed  and  again  huge  life  differences  are 
apparent . 

6.  CAN  MULTIAXIAL  ITY  BE  ACCOUNTED  FOR  WITHOUT  RECOURTE  TO  TESTING? 


More  chan  twenty  multiaxial  fatigue  criteria  exit 
(Ref.  3)  which  aim  to  reduce  Che  multiaxial  stress  state  to  an 
equivalent  uniaxial  stress  state.  The  early  theories  were  based 
upon  either  static  yield  of  ductile  metals  or  fracture  of  brittle 
materials,  for  example: 

Tresca's  maximum  shear  stress  criterion. 


3  a  % 

C3)  +  (Ej  -  Cj)  1  . 

These  simple  criteria  are  not  universally  satisfactory 
in  fatigue  and  can  sometimes  lead  to  dangerous  predictions.  Ref.  4. 

More  recent  criteria  appear  to  be  empirically-based  and  require  mare 
test  information;  for  example.  Brown  and  Hiller  (Ref.  4)  have  proposed: 


^max  ”  " 

the  octahedral  shear  strain  criterion, 

Yoct  “  const  -f  Kcj  -  +  (Cj  - 


■■'■i 

I 


A 


— - . .  ....4 
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There  are  several  difficulties  with  all  current 
criteria.  Multiaxial  tests  have  shown  the  existenr-e  of  two  main 
crack  gro%rth  geometries,  each  with  its  own  characteristic  life 
under  given  multiaxial  stresses,  and  at  present  it  cannot  be 
determined  a  priori  -.tiich  geometry*  will  prevail.  A  further 
problem  with  many  criteria  is  that  they  do  not  account  for  the 
effect  on  multiaxial  fatigue  life  of  the  orientation  of  the  three- 
dimensional  strain  field  with  respect  to  the  surface. 

Fracture  mechanics  should  be  useful  in  accounting 
for  multlaxlallty  in  fatigue  and  fracture.  The  linear  elastic 
variety  however,  indicates  that  loads  parallel  to  a  crack  should 
not  influence  crack  behaviour,  but  it  has  been  shown  experimentally 
that  fatigue  crack  growth  under  biaxial  loading  is  dependent  on  the 
crack  line  load  component  and,  moreover,  on  %diether  this  component 
is  static  or  cyclic,  and  if  cyclic,  whether  in  or  out-of-phase  with 

the  crack-normal  loads.  | 

i 

I 

It  is  clear  that  for  multiaxial  fatigue  life  criteria, 
and  for  crack  growth  predictions  under  multiaxial  stress,  theory  must 
be  tested  by  experiment,  and  the  usual  bourse  of  delineating  phenomena 
by  experiment  that  must  be  accounted  for  by  theory  will  be  followed 
in  multiaxial  fatigue  and  fracture.  I 

j 

7.  CURRENT  TASKS  FOR  WHICH  A  BIAXIAL  TfeST  lAClLlTT  IS  ESSENTIAL  OR 
DESIRABLE  | 

] 

(1)  DST  82/008  Fatigue  of  TaatArials  and  components  research 

I  ■ 

This  basic  research  task  is  aimed  at  understanding 
the  factors  which  influence  the  fatigue  behaviour  of 
amterials  and  components  in  relation  to  the  durability 
and  damage  tolerance  of  aircraft  structures.  Accurate 
predictions  of  damage  tolerance  in  amny  aircraft 
locations  will  require  a  knowledge  of  crack  growth 
behaviour  under  multiaxial  stress  and  the  foregoing 
Indicates  that,  at  present,  this  knowledge  cannot  be 
adequately  determined  from  uniaxial  behaviour. 

(11)  DST  82/009  Structural  mechanics  research 

The  development  of  clastJc-plastlc  fracture  mechanics 
to  predict  the  fracture  and  fatigue  behaviour  of  cracked 
structures  u'lder  multiaxial  stress  Is  s  leading  research 
topic  which  requires  a  concurrent  theoretical  and 
cxperlmentsl  approach.  (This  requirement  is  a  restate¬ 
ment  of  (i)  abwe,  and  under  %fhich  task  the  work  would 
proceed  is  not  relevant  to  the  argument). 
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(Hi)  DST  82/141  LCF  life  prediction  methods  for  aircraft 

engines 

This  task  is  to  advance  prediction  aethods  for  . 
detemlning  the  LCF  life  of  components  in  aircraft 
propulsion  systems  and  is  related  to  the  TF3Q  and 
F404  engines.  (The  task  is  managed  by  Aero  Propulsion 
Division  and  Materials  and  Structures  Divisions  also 
collaborate) .  Highly  stressed  rotor  discs  are,  and 
are  likely  to  remain,  the  main  problem  con^onents  and 
the  areas  of  fatigue  initiation  are  subject  to  high 
degrees  of  biaxlality  or  triaxlality,  e.g.  bolt  holes, 
blade  attachment  roots.  Present  methodology  tempts 
to  'calibrate  out*  the  influence  of  Miltlaxiality  by 
matching  uniaxial  data  with  service  and  test-bed 
experience.  The  pursuit  of  higher  cost-effectiveness 
is,  however,  creating  the  need  to  include  explicitly 
all  major  variablds  in  the  fatigue  process,  including 
multiaxlallty.  It  is  to  be  noted  that  the  Impetus  for 
ARL  acquiring  a  biaxial  fatigue  machine  came  initially 
from  Aero  Propulsion  Division  3-4  years  ago. 

(Iv)  AIR  80/126  Fibre  composite  materials  research 

Par*-  of  this  task  is  concerned  with  the  fatigue  of  a 
box-beam  containing  a  carbon-fibre  composite  skin,  and 
associated  coupon  fatigue  tests.  Because  of  the 
deliberately  designed  directional  properties  of  the 
fibre  composite  materials  it  is  important  to  determine 
whether  multiaxlallty  significantly  affects  both  fatigue 
and  fracture  behaviour.  This  task  will  lead  naturally 
into  research  related  to  the  fibre  composites  in  the 
F/A-18. 

(v)  DST  83/005  Fatigue  life  enhancement 

The  essence  of  this  task  is  to  understand  the  science 
of  various  fatigue  life  enhancement  procedures  in  order 
to  advise  the  RAAF  on  refurbishment  within  a  useful 
timescale.  The  task  at  present  is  concentrating  on 
interference-fit  fasteners  and  cold  expansion  of  holes. 

The  general  approach  is  to  determine  residual  stress 
fields  around  life-enhanced  holes,  examine  how  these 
stresses  change  with  fatigue  loading,  and  use  fatigue 
data  obtained  under  sliiq>ler  conditions  to  predict  crack 
growth.  Apart  from  the  residual  stress  field  the  hole 
Itself  introduces  multlaxial  stresses  under  unidirectional 
loading  and  it  would  appear  essential  to  use  fatigue  data 
(e.g.  cyclic  stress/straln  data,  crack  growth  data) 
obtained  on  larger,  fully-defined  samples  under  multi- 
axial  stressing. 
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(vi)  A  biaxial  machine  would  also  enable  a  number  of 

Materials  Division's  tasks  to  be  extended,  including 
DST  83/008  Advanced  Materials  for  Aircraft,  and 
DST  82/020  Physical  Modelling  of  the  Performance  of 
Aircraft  Materials. 


8.  THE  CASE  FOR  BIAXIAL  FATIGUE  TESTING 

The  foregoing  has  attempteJ  to  indicate  that  the 
critical  fatigue  locations  in  aircraft  structures  are  often  regions 
of  significant  multlaxial  stress,  and  that  current  fatigue  estimation 
procedures  do  not  adequately  take  this  into  account.  There  is 
sufficient  information  showing  sizeable  effects  of  multiaxiallty  in 
fatigue  and  it  follows,  reasonably,  that  the  accuracy  of  these 
estimation  procedures  will  be  improved  by  a  better  representation 
of  the  applied  stresses. 

It  is  r.lso  evident  that,  at  present,  multiaxiallty 
cannot  adequately  be  accounted  for  by  calculation  and  that  testing 
is  necessary. 

Some  experiments  on  multlaxial  fatigue  were  made 
earlier  this  century  but  most  were  related  to  total  fatigue  life  and 
to  determining  equivalent  uniaxial  stress  states.  There  has  been  a 
resurgence  of  Interest  in  the  last  10  years,  particularly  in  the  UK 
and  USA,  and  topics  such  as  crack  propagation,  cyclic  stress/strain 
behaviour,  creep/fatigue  interactions,  and  environmental  effects  are 
sow  under  scrutiny  in  multlaxial  stressing.  Such  studies  are  high¬ 
lighting  previously  unknown  phenomena,  such  as  varieties  of  cracking 
modes,  and  it  is  apparent  that  if  ARL  is  to  be  an  adequate  source  of 
expertise  for  the  Services  in  relation  to  fatigue  then  multlaxial 
testing  must  proceed  alongside  a  theoretical  understanding. 


9.  PROPOSED  BIAXIAL  FATIGUE  MACHINE 


Specimen  Configuration 


A  wide  variety  of  techniques  and  specimen  configurations 
has  been  used  to  test  laboratory  npecimens  under  biaxial  fatigue.  The 
commonest  methods  are  to  use  cruciform  plates  with  in-plane  orthogonal 
loads,  and  to  subject  thin-walled  tubes  to  axial  and  torsion  loads  or 
to  axial  loads  combined  with  internal  and  external  pressure.  The 
advantages  and  disadvantages  of  these  respective  configurations  are 
as  follows. 


(1)  a  full  range  of  biaxial  stress  and  strain  ratios 
can  be  obtained  using  a  single  specimen  geometry 
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(li) 

the  test  section  is  readily  observed  and  is 
suitable  for  NDI. 

(ill) 

the  nean  load  level  and  amplitude  on  each  axis 
can  be  controlled  independently.. 

(lv> 

it  is  the  cost  suitable  system  for  crack  growth 
studies  and  is  suitable  for  elevated  tenperature 
studlea . 

(V) 

lo%i-cycle  fatigue  and  crack  Initiation  studies 
are  possible. 

(b)  Disadvantages: 

(i) 

stresses  and  strains  aust  be  determined  independently; 
finite  element  analyses  and  strain  gauge  measurements 
are  commonly  used.  Once  general  yielding  has  occurred 
in  the  test  section,  however,  the  stress  distribution 
cannot  be  deteijmined  by  the  use  of  strain  gauges. 

(il) 

1 

the  test  section  area  oust  be  a  conpromlse  hetwmn 
obtaining  a  uniform  strain  distribution  and  prev,^ting 
buckling.  I 

Thin-walled 

j 

tubular  specimen 

(«}  Advanta&es;  | 

) 

the  stresses  ii^  the  test  section  can  be  deteralned 
readily  as  the ! applied  loads  are  fully  supported  by 
this  region.  ^':rsins  can  be  deteraiaad  by  using  a 
biaxial  extenaometer. 

i 

stress/strain  hysteresis  loops  can  be  readily 
detemined.  I 

low-cycle  fatigue  and  crack  initiation  studies  ace 
possible. 

speclaens  can  be  readily  tested  at  elevated 
tenperature. 

(b)  Disadvantages: 

(i)  the  range  of  biaxial  stress  and  strain  ratios  is 
lialted. 

(li)  a  com^roalse  aust  be  reached  in  wall  thlcfcnesa: 

between  reducing  strain  gradients  and  preventing 
buckling. 

pressurization  instead  of  torsion  pemlts  tb»  full 
range  of  biaxial  ratios  but  gives  its  cfwn  probleas, 
nsMly: 


(i) 

(il) 

(ill) 

<lv) 


(lii) 
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.  through'-thickncaa  cracks  nay  prevent 
preasurisation 

.  the  oil  used  for  pressurization  may 
Influence  the  initiation  and  growth 
of  cracks 

.  a  'hydrowedge*  effect  on  crack  opening 
•ay  be  encountered 

.  elevated  teoperature  studies  nay  be 
United  by  the  oil.  Rubber  sleeving 
■ay  elininate  some  of  the  difficulties 
above  but  suitable  sleeving  for  elevated 
tenperature  testing  remalna  a  problen. 


On  balance,  the  cruclfom  apecinen  shape  appears  the 
■oat  suited  to  ARL's  tasks.  Although  not  as  suitable  as  tubular 
spcciaena  for  detcmlnlng  cyclic  atrcaa/atraln  behaviour,  the 
cruclfom  shape  is  auch  better  for  crack  propagation  studies.  ARL 
la  well  placed  to  deteraine  stresses  and  strains  In  auch  speclaens 
by  cither  finite  elenent  analysis  or  strain  gauge  ■easurenents.  The 
necessary  load  frame  for  cruclfom  apecinens  also  allows  realistic 
biaxial  testing  of  components. 

9.2  Test  Arrangements 


The  specimen  shape  and  loading  actions  dictate  the 
general  test  arrangeamnt .  The  following  is  a  guide  recommended  for 
specifying  a  biaxial  test  facility  for  ARL: 

(1)  A  load  frame  with  four  actuators  mounted  as  orthogonal  pairs, 
each  actuator  to  be  fitted  with  a  load  cell  and  to  be  capable 
of  tension  and  compression  loading  to  at  least  200  kN  and 
preferably  up  to  500  kN.  The  dimensions  of  the  load  frame 
and  actuator  strokea  arc  to  be  such  that  a  specimen  of  overall 
dimensions  up  to  0.5  ■  x  0.5  m,  at  least,  can  be  accomaodated . 

(2)  Servo  control  consoles,  which  allow  control  of  load,  position,  i 
and  strain  independently  in  the  two  principal  directions. 

(3)  Signal  conditioners  for  specisMtn  strain  gauges. 

(4)  Conputcr  for  control  and  data  acquisition. 

(5)  Hydraulic  power  supply  for  powering  the  actuators. 

(6)  Crack  length  measurement  system. 

(Xt  is  noted  that  the  control  and  hydraulic  systems  are  '’airly  universal, 
that  is,  specially-made  rigs  or  adjustable  load  frames  could  utilise 
s»st  of  the  equipment  above  for  special  tests.  Tha  control  units  are 
identical  with  those  operating  tansion/torsioo  or  tansion/pressure 
biaxial  systems) . 
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